The Extension Service, United States Department of Agriculture, funded a special project to approach development of extension materials for dairy farmers by systems analysis. Agricultural engineers created video tapes and publications on manure, feed handling, calf housing, and milking subsystems. Dairy scientists created slide-tapes and publications on controlling feed losses during harvest, storage, and feeding. Agricultural economists created publications and interactive computer programs to aid in the total farm planning process. The first computer program suggests a profit-maximizing combination of crops and dairy livestock by linear programming. The second program accumulates the total investment required plus other financial indicators for a dairy farm expansion after the farmer has specified components desired to the new operation. The third program traces selected monthly changes in the dairy livestock inventory, monthly gross income, monthly feed needs, and monthly manure production from the current time up to 20 yr into the future. The fourth interactive computer program tests the financial feasibility and provides an annual cash flow analysis of a proposed farm plan.
INTRODUCTION
This paper describes the initial results of a federally funded grant designed to use system analysis in an interdisciplinary environment for the creation of materials to be used in dairy farm extension programs. A block diagram of a dairy farm system is presented. The divisions of responsibilities and coordination of activities among dairy scientists, agricultural engineers, and agricultural economists are explained. Four Received June 21, 1976. interactive computer programs with their linkages and capabilities to project dairy farm interactions are presented in depth.
PROCEDURES AND METHODS
In January, 1974, the Extension Service, USDA, funded an interdisciplinary project titled "The Development of a Systems Management Approach for Dairy Industry Improvements" at Michigan State University. The first two of the five objectives delineate the project thrust:
1. To provide information and develop procedures for dairymen to use in deciding how they can combine systems of housing, feed production, feed storage and handling, milking, animal management, and waste efficiency with their available labor, capital, and land within the restrictions of their goals and management ability and, thereby, help farm families develop economically viable farm units in which they can take pride. 2. To help producers make a transition to modern, efficient dairy systems that will insure the U.S. consumer of the production of an adequate, wholesome supply of dairy products at the lowest economic cost that is possible under efficient production and marketing systems.
A national advisory committee was assembled representing agricultural economics, agricultural engineering, and dairy science from the major dairy states in the United States. The committee met at the start of the project to provide initial direction, reviewed intermediate results, and guided the final year's activities. The multidisciplinary working team and the committee set priorities on the objectives and outcomes listed in the project statement. The primary goal was to create new extension educational materials to be used with dairy farmers by county extension workers throughout the country.
A block diagram or flow chart is often the first step in a systems approach (7) . The project 
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Crops team decided to focus on dairy farm systems in Fig. 1 . However, this is too complex and too aggregative to be of value in analysis. With the notion that systems analysis is the creation of progressively smaller subsystems (22) , Fig. 2 was created. The multidisciplinary team used the subsystems in Fig. 2 to set operational objectives and to define areas of responsibility. The individual cow is the heart or central component of the system. All other subsystems exist to serve the needs of the dairy cow, and most of the income results from the cow. Land may be the second most important subsystem. If the feed producing capacity of the land base places an upper limit on cow numbers, then the land subsystem may dictate maximum system output. The connecting linkages for labor, land, operating expense, and capital investment were not drawn to avoid cluttering the figure, but they are needed in almost every other subsystem. The labor subsystem provides the feedback and control mechanism to keep the whole system functioning. Feedback and control of the total farm system are primary uses of health, production, and financial records systems.
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FIG. 2. Basic dairy farm system.
AgricuRural Engineering Materials
Within the subsystems labeled "Manure and Waste" in Fig. 2 , several alternative management strategies, storage structures, and equipment complements have been developed. For an individual farmer, the selection of this particular subsystem is complicated by the need to meet health and environmental regulations before considering labor and cost minimization. Agricultural engineers cooperating with the extension project developed a series of video tapes (color or black and white) on the collection, handling, and use of dairy manure. Another video tape was developed on calf and replacement housing to illustrate recent designs and environmental control techniques which reduce calf mortality. Feed handling equipment needed in the feed procurement subsystem of Fig. 2 is the subject of the final video tape. The milking facilities subsystem in Fig. 2 is another area where new technology has been developed (5). Extension fact sheets on milking parlors have been developed through the project to help choose among available options (i, 2, 3, 4).
Dairy Science Materials
The feed procurement subsystem in Fig. 2 became the responsibility of the dairy scientists cooperating with the mu}tidisciplinary project team. Although numerous nutritional guides can provide precise daily feed requirements for dairy livestock, the implications of these requirements become diffused in the linkages among feed handling systems, storage methods, and cropping strategies. Table I shows the problem. Three sources of information provide different annual feed requirements for the same milk production level, the same size cow plus her replacement for about the same roughage and grain sources. The computerized ration balancer basically uses National Research Council requirements (8) ; its effectiveness has been verified (20) . The second column resulted from joint efforts of dairy scientists and agricultural economists at Wisconsin (6) . The disappearance per cow of roughage and corn on actual farms as given in the third column (17) are consistent with unpublished data from other years. Possible explanation of why the coefficients are different include measurement error on the farm, quality differentials, unobserved losses, 
Agricultural Economic Materials
Development of a handbook was undertaken by agricultural economists on the multidisciplinary team to consider the investment and labor costs for total farm system combinations. The combinations were 40, 75, and 100 cow farms using stanchion barn housing plus 100, 150, and 200 cow farms using free-stall housing. Physical capacities and relationships as well as prices are in the handbook and should make it useful for a time after the investment prices become outdated (11) . A handbook useful for farm planning, with the help of a hand calculator, was updated and modified to tie in with the extension project (21) .
COMPUTER SOFTWARE RESULTS
The National Advisory Committee of the project directed that new computer programs should be created with the capability of planning and projecting the financial implications of the total farm system in Fig. 2 . Several models of farm management games and simulation had been reviewed (14) , and a specialized dairy farm research simulator was available (13) .
These large batch-operated computer models were not designed to analyze individual farm operations, and their internal data assumptions were not modified easily by people with limited computer experience. The work team decided to create a series of smaller interactive computer programs with the following specifications. They should be able to be linked with each other or with other already created interactive programs within the computer. Each small interactive program should have the capability to duplicate a single unique farm for an individualized analysis, or it should be capable of reflecting unique characteristics of small regions. These interactive programs could be used on individual farms or they could be used to develop case materials. The input forms for these interactive programs should be simple enough that individual farmers working in small workshops could prepare them. The program should be designed to deal with a specific question small enough so that anyone familiar with its operation could visit a farm, obtain the necessary information, run a base plan analysis with two or three alternative analyses, explain the results, and leave the farm in 3 h or less. Actual contact with the computer should be less than 30 min if this procedure is to be viable.
Four interactive computer programs meeting the above criteria are now operational as a result of the project on Michigan State University's Telplan computerized forward planning system. They will probably be installed on Virginia Polytechnic Institute's Computerized Management Network in the near future. Either computer system can be accessed by county and state cooperative extension service personnel throughout the country. Individual states have different policies about charging individuals for running computer programs. Where charges are made, a farmer probably could get one initial answer and two adjusted analyses from one computer program for less than $15.
Specified Budget Format and Ration Ingredients
The four interactive computer programs draw upon a common set of enterprise budgets. Table 2 illustrates the enterprise budget format. There are several budgets for a variety of crop and livestock types held on file within the computer memory bank and can be accessed by a variety of programs (12) . Each state or specialized group of users may specify their own budgets. The information on each one of the eight lines in Table 2 is stored. The details leading up to the line-2 total illustrate how the total cash expenses may be created. The corn silage enterprise budget shows zero gross income on line 1 because the yield is entered on line 6. The silage is fed to livestock, and income would be generated through a livestock budget. The grain requirement is in terms of corn equivalent, and all roughage yields are specified as hay equivalent. The capital gain income is utilized in the whole farm budgeting program in the income tax calculation. The crude protein amount on line 8 is used in determining how much protein supplement would be needed in addition to the feeds specified in lines 5 and 6. In the dairy cow enterprise budget, line 8 is specified as zero because the protein supplement is included as a specified cash expense in the line 2.
The dairy systems computer programs deal with four types of feeds. They are hay, corn silage, No. 2 yellow corn, and 44% protein soybean meal. All hay crops are reduced to an "as fed" dry hay equivalent. Corn silage also is converted to dry hay equivalent as in Table 2 . However, only the whole-farm budgeting model treats corn silage and hay crops commonly as hay equivalent; the other three programs treat corn silage and hay crops separately so that the differential amounts of energy and protein are accommodated. For these four feeds three different ration feeding strategies were computed for large breed replacements from birth through 28 mo and for 12-mo feed requirements for mature dairy cows weighing 635 kg. The first strategy was to have all roughage coming from hay. The second strategy was roughage being half hay and half corn silage calculated on as roughage dry matter. The third NOTT strategy was to feed a minimum of 3.17 kg of hay per day with the rest of the roughage being corn silage. The annual cow-feed requirements were generated by solving for ten points on a 305-day lactation curve with a 2-mo dry period (8) .
Dairy Farm Linear Programming
Linear programming is a methodology within the realm of systems analysis which can find a combination of subsystems with maximum profits or minimum costs given a set of simultaneous equations in which some variables are constrained. Dairy scientists commonly use this technique to calculate least-cost nutritionallybalanced dairy rations, both with and without matrix generators. The use of a matrix generator allows one to use the computational power of linear programming without understanding the arithmetic of the calculations or the complexities of setting up the data tableau. The interactive program developed with the dairy systems project uses a matrix generator and specifies a farm organization which will maximize profit for 1 yr given upper limits on barn capacities, labor, and land. Results from this program can be used in the short run to specify an optimum cropping program, or it can be used to indicate a long range goal in terms of total cows which could he supported by a land base or a fixed labor force. To operate the interactive program, the user has a number of required inputs and several optional inputs. The required inputs are the maximum number of cows, maximum owned crop land, maximum rented crop land, the buying prices for the four types of feeds, average milk sold per cow, the average herd cull-rate percent, calf-death losses, prices received for milk, cull cows plus weekold calves, a source of labor (one of those specified below), and the code number of the desired dairy enterprise budget from the data bank. Optional inputs are any of the crop budgets from the data bank, enterprise budgets for replacement heifers, enterprise budget for one nondairy livestock activity, feed requirements for any of the livestock enterprises being considered, selling prices if any of the above mentioned feeds are to be sold, the harvest, storage, and feeding losses expected by crop, beginning and ending inventories for each of the feed types, and for any of the specified crop or livestock budgets, any of the eight line items as illustrated in Table 2 may be specified. Labor requirements are computed by 24 halfmonth periods throughout the year; the total hours available for each half-month may be specified, or the program may be given a price at which hourly labor may be hired in the amounts required. The primary source of input information would be annual financial records on the farm combined with future price estimates. Although few farmers keep cost accounting systems that are in the format in Table 2 , most farmers can specify key items such as fertilizer and breeding costs enabling the selected enterprise budgets to be modified readily to the point where the whole farm operation can be approximated closely. Herd management factors are available from DHIA summaries. Labor availability and requirements may have to be worked out, but their treatment in the linear programming model is crucial to the optimum selection of cropping enterprises.
Considerable data are stored within the program data statements. The feed requirements for a wide range of annual milk production for cows plus replacements will be generated automatically. The program contains labor percentage distribution by half-month periods for all of the livestock and enterprise budgets in the data bank. Any or all of these built in coefficients can be overriden easily with optional inputs.
The output from the dairy-farm linear-programming model includes which enterprise budgets and the number of units of each budget make up the optimum farm organization. Shadow or break-even prices for feeds not purchased are supplied. Optional output includes labor, which was available but not used, labor hours which were hired by half-month period, if any; and if the automatic feed specifications were used, then the user may get output which would specify for each of the eight line items illustrated in Table 2 for all of the enterprise budgets which were in the optimum solution. This information then can be input into the financial long range whole-farm budgeting program to obtain a complete cash flow analysis.
Investment Planning for New Dairy Systems
This program was designed to analyze a specific proposal for a major change or expanJournal of Dairy Science Vol. 60, No. 3 sion which a dairy farmer is considering. The input is designed to insure all subsystems in Fig.  2 are considered in the process. The required input information is cow numbers for the new system, annual milk sales per cow, the feeding strategy as defined above, whether feed will be farm raised or purchased, the existing field-crop equipment capacity, and one of the possible choices in each of these subsystems, three soil productivities, four barn types for cows and replacements, four types of storage structures for each of the feed types, two equipment types for moving feed from storage to the animals, five types of milking parlors each with two levels of mechanization, four types of milking equipment if a stanchion barn without a parlor is chosen, and seven types of manure handling strategies. Optional input items include the number and value of livestock currently owned, the existing subsystem capacities and values which can be used in the new system, the investments required for each of the required subsystems specified above, and the current debt. The program data statements contain the prices and capacity requirements explained in Hoglund (11, 16) . If the farmer knew the actual planned investment for any given subsystem, this would be input and would override the price stored in the program.
Information needed to run the program would be supplied by the farmer. Ideally, the farmer would have obtained preliminary bids for any proposed building construction and estimates of price for equipment. If an investor is considering a totally new system, then the size and strategies from the dairy farm linear programming model could be a guide to specify overall size and subsystem types.
There are five options for output available in this program. Section I gives the physical units and building capacities required by the new farm operation presented by subsystem and investment cost of going from the existing to the new farm operation. Section II gives the assets and debt for the existing and the new farm system. Section III gives the probable maximum loan based on collateral values of the new farm and the estimated repayment schedule for the new debt. Section IV gives the estimated monthly hours needed for the crops and the dairy livestock enterprises. Section V gives the acres of each of the feed crops, the acres of land needed, the feed disappearance, and tax information on depreciation and investment credit. The last four output sections provide useful information in their own right, but they also are designed to provide input into the financial long range whole-farm budgeting model which will provide a cash flow analysis for the proposed new farm system.
Monthly Dairy Herd Growth
The number of lactating cows and the time elapsed since they freshened during any given month dictate feed requirements, gross milk sales, number of culls, and space required for the herd during that month. The dairy herd growth program is designed to simulate the herd status in terms of animal numbers on a dairy farm from the starting month forward up to 240 too. The required input specifications are the average age at which heifers freshen, average calving interval, whether herd growth will have an upper bound, number of cows currently owned by days in milk or by expected freshening date, number of cows to be purchased and their production status at the time of purchase, strategy for raising heifer calves, number of heifers owned or to be purchased by age, amount of milk sold per cow, prices received for milk, cull cows, week-old calves and bred heifers at the current time and for the next 3 yr, feeding strategy as explained previously, average body weight of animals by age group, and time period to be analyzed. Optional input choices include replacement death losses by three different age groups; herd culling rates for owned cows, for purchased cows, and for first calf heifers. These options can be different for each of the first 4 yr. Other options include months after freshening when cows are culled, a 3-mo distribution around that culling month, a 3-too distribution around the average freshening age for first-calf heifers, and a seasonal pattern of milk prices.
The monthly dairy herd growth program contains feed requirements for several yields of dairy cows by feeding strategy as explained previously. There are built-in assumptions on monthly lag after freshening when animals are culled, percentage death losses for heifers, and 3-too percentage distributions around these points (18) , Any of these stored coefficients may be overridden by optional inputs previously explained. The best source of input informa-tion for this program is a set of DHIA summaries, particularly some of the newer management information reports which rank cows by number of days in milk, when cows are expected to freshen, and any information available on numbers of replacements.
The output of the dairy-herd growth program is in four sections. In Section I the actual number of animals are given with the user choosing any three among a possible of 23 categories. It also provides the month in which the maximum stable herd size, if any, is obtained. Section II provides the monthly gross cash sales from milk, culled cows, week-old calves, and freshening-bred heifers, if any. Section III provides the monthly requirements for the four feeds explained above with the assumption of no losses. Section IV provides the volume of manure generated monthly by the total herd. The income from Section II for the total year can be used as input for the whole farm budgeting model to help with cash flow analysis. The animal numbers in Section I could provide a starting point for specifying the number of animal enterprise units needed in running the same budgeting model.
An example of Section I output for the monthly dairy herd growth computer program is given in Table 3 . An example farm was set up with 100 milk cows, 100 head of replacement heifers of various ages, 28% cull rate, 13 mo calving interval, 15% replacement death loss, and an average heifer freshening age of 28 too. Various ways of growing towards 200 cows were run with the program. If no animals were purchased, strategy A of Table 3 Table 3 indicates the gross mi|k sales associated with the strategies and a $9.20 milk price. This example would warn dairymen about overestimating gross income during periods of herd expansion.
Financial Long Range Whole-Farm Budgeting
This program has been on the interactive computer system for several months (19) . The purpose of this program is to compare alternative financial results of long-range plans for a complete farm-business system such as represented in Fig. 2 . The program considers several profit measures and provides an annual cashflow analysis. The required input information includes income tax information such as numbers of families on the farm and exemptions per family, depreciation and investment credit allowances, real estate tax and city income taxes paid; existing farm financial information includ- Table 2 ; prices paid and prices received for the feed types described above plus hourly labor costs; and cash withdrawals necessary for family living expenses. Optional input includes overriding any of the eight line items in the specified enterprised budgets as illustrated in Table 2 . New enterprise budgets can be created. Other optional input include farm and nonfarm annual gross income and annual expenses not included in the enterprise budgets, itemized personal income tax deductions, coefficient multipliers to be applied to all or selected line items in one or all of the selected enterprise budgets (this allows inflation factors to be utilized quickly for future projections), total dollar return on the existing farm investment, and the amount of dollars available to pay on debt principal of nonreal estate on the existing farm plan. The input information can come from farm financial and production records. If any of the three interactive computer programs previously discussed have been run on the farm, several of the required inputs may be available from those results. The dairy farm linear programming model may have provided the enterprise budgets and several of the specific line item coefficients for those budgets. The investment planning for new dairy systems would have provided the assets and the debt payment information. The herd growth model may have provided the gross income. The whole-farm budgeting program contains the federal income tax rate schedules and individual state income tax rates. The whole-farm budgeting model is designed primarily to draw upon enterprise budgets already created as described in Table 2 .
Outputs of the whole-farm budgeting-program can be classified into four groups. The first group are the cash-flow measures which include the cash available and the number of years required to pay off nonreal estate debt using either the total new farm plan or using only the extra amount of new earnings generated from the modified farm operation. The cash available is a residual amount after all other specified uses for cash such as operating expenses, capital replacement, and family living have been paid. Other cash flow measures given are gross income and expense. The second group of answers are profit measures which include the return on total farm assets in dollars and in percent. It includes the farm profit or loss and the amount of change in net worth in the new farm plan as compared to the existing farm plan. The percent return on the added investment calculated from the added earnings of the new farm plan is the last profit measure. The third output group gives physical balances of resources. If more corn is grown than required by the livestock enterprises, then the excess physical units would be indicated. The same is true for the units of hay equivalent. The amount of protein supplement and hours of labor are reported. These physical units would be reported in either plus or minus terms depending on whether there were excess units which were sold for cash or whether there was deficit which had to be purchased for cash. Such cash amounts are included in the cash flow calculations. The fourth output is an estimate of state and federal taxes. An option allows the user to list any three enterprise budgets to insure that the correct enterprise budgets were used and that the coefficients were changed as specified for that particular program run.
